The authors assessed associations of body size perception and weight change over 13 years in black men and women and white men and women from the Coronary Artery Risk Development in Young Adults (CARDIA) Study (1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005). The perceptions of self and ideal body size were measured by using the Stunkard 9-figure scale at the year 7 examination (1992)(1993). Figures were classified into underweight, normal weight, overweight, and obese. Self-ideal discrepancy yielded 4 body size satisfaction categories. Body mass index (BMI) (measured at years 7, 10, 15, and 20) was the dependent variable in gender-specific adjusted multiple regression models stratified by year 7 BMI. Obese women who perceived themselves as obese lost 0.09 BMI units annually, while those who perceived themselves as normal weight gained 0.31 units annually (P ¼ 0.0005); obese women who considered their body size much too large had less annual weight gain than did those who considered their body size a bit too large (0.21 vs. 0.38 BMI units; P ¼ 0.009). Obese women with overweight ideal body size gained less weight annually than did those with normal weight ideal body size (0.12 vs. 0.27 BMI units; P ¼ 0.04). Results for men showed fewer and weaker associations. When obese women perceive themselves as obese and feel that their body size is too large, they gain less weight over time. body image; body mass index; health status disparities; obesity; psychology; weight gain Abbreviations: BMI, body mass index; CARDIA, Coronary Artery Risk Development in Young Adults.
Previous research suggests that disparities in obesity prevalence between African Americans and whites may be causally related to differences in body size perception. African Americans are less likely than whites to feel that they are overweight (1) (2) (3) , are more satisfied with larger body sizes (4) (5) (6) (7) (8) (9) (10) , and have a larger ideal body size than do whites (11) (12) (13) (14) . Dissatisfaction with body size is correlated with weight loss attempts (4) (5) (6) (7) (8) , suggesting that African Americans' relative satisfaction with large body sizes may result in fewer weight loss attempts. Researchers have argued that African Americans may have a higher prevalence of obesity than do whites in part because they are more satisfied with larger body sizes and therefore less motivated to lose weight.
The theory that the black-white obesity disparity is due to cultural differences in body size perception depends upon the untested assumption that body size perception predicts weight change over time. The current study examines that assumption by assessing the longitudinal relation between body size perception (perceived size of self, ideal body size, and body size satisfaction) and average annual weight change over a 13-year follow-up period in a community dwelling sample of blacks and whites across a range of socioeconomic status. The current study tests the hypothesis that underestimation of body size, larger ideal body size, and higher levels of body size satisfaction are related to greater weight gain over time. We tested these relations in Correspondence to Dr. Elizabeth Lynch, Department of Preventive Medicine, Rush University, 1700 West Van Buren, Suite 470, Chicago, IL 60612 (e-mail: elizabeth_lynch@rush.edu).
sex-specific analyses stratified by body mass index (BMI) (normal weight, overweight, and obese).
MATERIALS AND METHODS

Study population
The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a multicenter, longitudinal study of the evolution of cardiovascular disease risk factors in black adults and white adults aged 18-30 years when recruited in 1985-1986 from 4 US cities: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California (15) . The CARDIA Study sample of 5,115 participants at baseline was designed to include approximately equal numbers of participants by race (black/white), sex, age (18-24/25-30 years), and education (high school or less/post-high school). Data from the following examinations were used in the current study: year 7 (1992-1993) , year 10 (1995-1996) , year 15 (2000-2001) , and year 20 (2005-2006) .
Exclusions
Of the 3,826 nonpregnant participants who attended at least 1 follow-up examination, participants were excluded (n ¼ 161) from the current analysis if they had missing values on the body size judgment variables or BMI measurements or had a BMI of <18.5 kg/m 2 . A total of 3,665 participants were included.
Measurements
Three body size perception variables were used in the current study: self body size, ideal body size, and body size satisfaction. Self and ideal body sizes were assessed at the year 7 examination by using the Stunkard figure rating scale ( Figure 1 ). The Stunkard scale consists of 9 silhouette figures that increase gradually in size from very thin (a value of 1) to very obese (a value of 9) (16) . Following other investigators, we classify these figures into underweight (figures 1 and 2), normal weight (figures 3 and 4), overweight (figures 5 through 7), and obese (figures 8 and 9) (17) . Self body size is the number of the figure selected by participants in response to the prompt: ''Choose the figure that reflects how you think you look.'' Ideal body size is the number of the figure chosen in response to the prompt: ''Choose your ideal figure.'' This scale has good validity and test-retest reliability (10, 18) . For self body size and ideal body size, dummy variables were created for the underweight, normal weight, overweight, and obese body size categories.
The third body size perception variable used in the study, body size satisfaction, was defined as the difference between one's perceived self body size and perceived ideal body size. A body size satisfaction variable was created for each participant by subtracting the number of the figure selected as the ideal body size from the number of the figure selected as the self body size. Four dummy variables were created for body size satisfaction based on the difference between self body size and ideal body size: too small (self À ideal < 1), satisfied (self ¼ ideal), a bit too large (self À ideal ¼ 1), and much too large (self À ideal > 1).
Height and weight were measured for participants wearing no shoes and light clothing. Body mass index was calculated as the weight (kg)/standing height (m) 2 ratio. Age, race, years of education, sex, smoking status, and number of pregnancies (for women) were assessed using self-report. A dichotomous smoking variable was created for each examination year, wherein participants were given a ''1'' if they were current smokers and a ''0'' otherwise.
Statistical analyses
Participants' characteristics at our baseline (the year 7 examination) and change in BMI between our baseline and our final measurement point (year 20) were calculated by race/sex group. We tested for ethnic differences within each sex group using the t test for continuous variables and the chi-squared test for categorical variables.
Generalized estimating equations were used to model the effect of body size perception variables on the rate of change in BMI over the 13-year period of our study. Generalized estimating equations were used to account for within-person correlations across repeated measurements. We examined the relation between each body size perception variable and change in BMI (measured as a continuous variable), stratified by 3 categories of year 7 BMI: normal weight (BMI, 18.5-<25), overweight (BMI, 25-<30), and obese (BMI, !30). Separate sex-specific generalized estimating equation models were run on each BMI group for each set of body size perception (dummy) variables (self, ideal, and satisfaction). Normal weight body size perception (selection of figures 3 or 4) served as the reference group in models assessing self and ideal body size perception. For models assessing the influence of body size satisfaction, a bit too large (self À ideal ¼ 1) served as the reference group because it was the modal response across BMI groups.
Time-independent covariates were race (1 ¼ black, 0 ¼ white), year 7 age, maximum years of education, body size perception dummy variables, and, for women, total number of pregnancies through the year 20 examination. The coefficients of these main effects reflect the effect on baseline Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; BMI, body mass index. * P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. a Means were adjusted for race, number of pregnancies, age at year 7 examination, highest level of education, and cigarette smoking. Race differences (within gender) in continuous variables were tested by using the t test, and categorical variables were tested by using the chi-square.
(year 7) BMI of a unit difference in each of the variables. A dichotomous variable for current cigarette smoking was included as a time-dependent covariate. We also included the time since baseline (the year 7 examination), in years, as a predictor. The coefficient for the main effect of time represents the change in BMI for each year of study time since baseline (the year 7 examination). To test the hypothesis that body size perception is related to the rate of BMI change, each model included an interaction term for each body size perception variable and time. If the beta coefficient for the interaction of time and the body size perception variable is statistically significant, this suggests that the rate of BMI change is dependent on body size perception. Body size perception dummy variables that were selected by less than 30 participants were not included in analyses. Additional models including income and site as time-independent variables were estimated. Results were virtually the same and are not shown.
In a separate set of models, we included an interaction term for race 3 body size perception 3 time to test whether the relation between body size perception and the rate of BMI change varied by race. We also ran separate models for blacks and whites, using the same covariates as described above with the exception of race. The mean annual estimated BMI change for each body size perception variable was calculated by using the above models. Estimated beta coefficients (reported below) reflect the mean difference in annual BMI change between individuals who selected the reference group dummy variable and those who selected the comparison dummy variable. Table 1 shows characteristics of participants (and mean BMI change over time) at the year 7 CARDIA Study examination by sex, race, and BMI group. For all BMI groups and both genders, blacks were younger than whites and had fewer years of education than did whites. Among men at every BMI group and normal weight women, blacks were more likely than whites to have smoked at some point during the study period. Among normal weight and overweight women, blacks had more pregnancies than whites did, and blacks had higher BMI than whites did. Normal weight black men had a slightly higher BMI than did normal weight white men. Finally, normal weight white women showed less increase in BMI over the 13-year study period than did normal weight black women. Tables 2 and 3 show the mean BMI change for each level of body size perception for each BMI group, adjusted for age, maximum years of education, smoking, and number of pregnancies (for women). In models that included participants across races, a dummy variable was used to adjust for race (black ¼ 1). Also shown in the tables is the number of observations for each body size perception variable, as well as the mean values by race for each sex/BMI group. Normal weight white women who were satisfied with their body size had a lower annual BMI change than did normal weight white women who perceived that they were a bit too large (b ¼ À0:04, P ¼ 0.03) ( Table 2) . Moreover, obese women who perceived their body size to be obese actually lost weight over the study period (b ¼ 0:40, P ¼ 0.0005); the same pattern was evident in black women in race-specific models (b ¼ À0:39, P ¼ 0.003). Obese women who selected an overweight figure as an ideal body size gained less weight than did obese women who selected a normal weight ideal body size (b ¼ À0:15, P ¼ 0.04). Obese women who perceived their body size as being much too large gained less weight than did obese women who perceived their body size as only a bit too large (b ¼ À0:17, P ¼ 0.009). This pattern was also found among obese black women (b ¼ À0:18, P ¼ 0.01). Among men (Table 3) , normal weight men who felt that their body size was either much too large or too small gained more weight annually than did Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; BMI, body mass index. * P < 0.05; **P < 0.01; ***P < 0.001 (significance indicates difference from reference group). a Adjusted for number of pregnancies, age, highest level of education, and cigarette smoking. Models including both races were also adjusted for race. Models were not performed on cells with insufficient sample size (n < 30). normal weight men who felt that their bodies were a bit too large (b ¼ 0:07, P < 0.05). Among normal weight women, there was an interaction between race (black ¼ 1) and time for all body size perception models (for self-perception:b ¼ 0:15, P < 0.0001; for ideal:b ¼ 0:13, P < 0.0001; and for body size satisfaction: b ¼ 0:15, P < 0.0001), indicating that black women gained more weight over time than did white women. Among normal weight women, there was also a significant race 3 time 3 overweight self-perception interaction (b ¼ À0:12, P < 0.05), reflecting that, relative to same-race women who perceived themselves as normal weight, white women who perceived themselves as overweight gained slightly more and black women who perceived themselves as overweight gained less. There were no significant race interactions for overweight women, and race interaction models were not run for obese women because of insufficient numbers of white women for some variables.
RESULTS
Among overweight men, there was a race 3 time interaction for self body size perception (b ¼ 0:07, P < 0.05), indicating that white men who perceived themselves as normal weight gained less than did black men who perceived themselves as normal weight. There was also a race 3 time 3 overweight self-perception interaction among overweight men (b ¼ À0:09, P < 0.05). This reflects that, relative to those who perceived themselves as normal weight, overweight white men who perceived themselves as overweight gained more and overweight black men who perceived themselves as overweight gained less. Finally, there was a race 3 time interaction among obese men in the model for ideal body size perception (b ¼ 0:12, P < 0.05), which reflects that white men who selected a normal weight figure for their ideal body size gained less than did black men who selected a normal weight ideal body size.
DISCUSSION
In this biracial cohort of community-dwelling adults aged 25-37 years at baseline, we found that the relations between body size perception and subsequent weight gain over 13 years varied by objectively measured body size at baseline. Our findings among obese women were consistent with the hypothesis that body size perception is related to weight change. Specifically, obese women who perceived themselves as obese lost weight, while obese women who perceived themselves as being normal or overweight gained weight. In addition, obese women who perceived their body size as much too large gained less weight than did obese women who were more satisfied with their body size. We did not observe these patterns in nonobese women or in men.
There was no support for the hypothesis that larger ideal body size results in increased weight gain. To the contrary, obese women whose ideal body size was overweight actually gained less weight than did obese women who selected a normal weight ideal body size. One possible explanation is that more realistic body size goals are associated with less weight gain. Best practice in clinical weight management counseling recommends that obese patients choose a realistic goal weight that they can maintain over time (19) . Choosing an unrealistically slim goal yields disappointment and lowers motivation when the weight cannot be attained or maintained.
Findings among normal weight white women and normal weight men contradicted the hypothesis that higher body size satisfaction is related to increased weight gain. Normal weight white women who were satisfied with their body size gained less weight than did comparable women who perceived themselves as slightly too large. For normal weight Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; BMI, body mass index. * P < 0.05; **P < 0.01; ***P < 0.001 (significance indicates difference from reference group). a Adjusted for age at year 7, highest level of education, and cigarette smoking. Models including both races were also adjusted for race. Models were not performed on cells with insufficient sample size (n < 30). Body Size Perception and Body Mass Index Change 863 black women, these associations were absent. Similarly, normal weight men who perceived their body size as slightly too large gained less weight over time than did those who perceived themselves as much too large or too small. These findings suggest that, for normal weight white women and men, greater satisfaction with body size results in better weight control. Among normal weight individuals, feeling dissatisfied may suggest excessive weight concern indicative of an eating disorder. For example, treatment to decrease excessive weight concern predicts weight control after smoking cessation (20) . It should be mentioned that our observed relation between body size satisfaction and weight change in normal weight men is nonlinear. Those who were satisfied with their body size gained more weight than did those who perceived their body size to be a bit too large, although this difference was not statistically significant.
The influence of self-image on weight gain goes in opposite directions for normal weight black versus white women, as evidenced by a significant race interaction. Among normal weight women, white women who perceive themselves as overweight gain more than those who perceive themselves as normal weight, while black women who perceive themselves as overweight gain less than those who perceive themselves as normal weight. A similar interaction was significant among overweight men: Among overweight men, black men who perceived themselves to be overweight gained less than those who perceived themselves to be normal weight, while in white men the direction was reversed. The same pattern was shown among normal weight black men but not normal weight white men. It is not clear why perception of oneself as overweight would have different effects on blacks and whites. One possibility is that, because of less cultural emphasis on thinness among blacks than whites, self-perception as overweight leads to more weightrelated anxiety among whites than blacks. Weight-related anxiety may result in less self-efficacy and less ability to cope rationally with one's weight and, consequently, greater weight gain.
Overall, body size perception appears to be less influential on men than it is on women. One explanation for the general lack of a finding in men may be that men tend to indicate less dissatisfaction with their body size. Lynch et al. (21) found that 88% of the men who completed body size perception measures at the year 7 CARDIA Study examination either were satisfied with their current body size or wanted to be larger. A number of other studies have found that men at all weights express less body size dissatisfaction than do women (22) (23) (24) . It is likely that body size perception is unrelated to weight change in men because men attach less importance to body size.
Why was the relation between self body size perception and weight change evident only in obese women? We think it is because only obese women tended to see themselves as much larger than ''average.'' Only obese women tended to select self body sizes above the midpoint of the figure rating scale (67% of obese women compared with 15% of overweight and <1% of normal weight women). Only the obese women who perceived themselves to be at the largest end of the body-size continuum showed evidence of weight loss.
Perceiving oneself as approximately average or less than average in body size (as selection of the scale midpoint suggests) may not trigger the motivation necessary to control or lose weight.
If perception that one's body size is at the large end of the body size continuum triggers weight control behavior, this may explain why obesity follows social ties. Recent research suggests that obesity is ''socially contagious''; that is, individuals with more obese people in their social networks or neighborhoods are more likely to become obese themselves (25, 26) . It is possible that this effect is mediated by shifts in what is considered a normal body size. When close friends or family become obese, large body sizes may appear to be relatively normal (i.e., less extreme and/or closer to the average body size), and motivation to control one's own body size may decrease. In certain circumstances, obesity may become a social norm, leading obese women to be more accepting of their size and less likely to lose or maintain weight.
Strengths and limitations
The main strength of the current study is the longitudinal nature of the design, which allowed us to test the temporal relation between body image and weight change. Another strength is that we were able to control for measured baseline (year 7) BMI. Because body size perception is highly influenced by actual BMI, it is important to control for measured BMI when assessing the effect of body perception variables (21) .
An additional strength of the study is that the CARDIA Study sample has a large number of blacks and whites of both genders who represent a wide range of socioeconomic status. Consequently, we were able to include and control for many potential covariates of weight change, including race, number of pregnancies, smoking status, and years of education.
A limitation of the study is that the Stunkard scale used in this study may not be sensitive enough to pick up subtle but meaningful differences in body size perception. Participants do not use the full range of the scale; even participants with the highest BMIs rarely selected the largest figures on the scale. Additionally, the Stunkard scale has been validated only on whites, so it is unknown whether it is also valid among African Americans. Furthermore, as with all observational studies, the possibility of residual confounding cannot be ruled out.
Another limitation is that body size perception was measured only at baseline, while weight was assessed over a 13-year period. If body size perception changes significantly over time, current estimates of the relation between body size perception and weight change may be incorrect.
Finally, some of the cells for our analyses were small in size and precluded, for example, our studying the association between being very unsatisfied with one's weight and weight gain in obese white women. Similarly, some apparent associations in normal weight blacks could not be verified because of lack of statistical power. Clearly, additional research is needed to shed further light on these issues. Overall, our study showed that the effect of body size dissatisfaction is dependent on baseline weight status. Dissatisfaction with body size is associated with weight loss in obese women but also with weight gain in men and white women of normal weight, while having no effect on overweight men and women and obese men. Among obese women, perception of one's body size as being obese may be a motivational trigger for implementing the behavioral changes required for weight control. If overweight women evaluate their body size relative to the body sizes of the general population, most of whom in the United States are overweight, they may see their weight as normal and less problematic, and they may consequently lack motivation to control their weight.
In conclusion, the current study suggests that body size dissatisfaction and perception of oneself as too large may facilitate weight control for obese women but have little impact on weight change for men and nonobese women. There is some evidence to suggest that normal weight white women and men may have better weight control if they are more satisfied with their body size. Of course, the difficult task of weight control always requires awareness of whether one's body size is too large. However, the current study suggests that the self-perception of being too large is insufficient by itself to predict, and presumably to motivate, weight control, with the exception of obese women who perceive themselves as being obese.
